In the foamy virus (FV) subgroup of retroviruses the pol genes are located in the +1 reading frame relative to the gag genes and possess potential ATG (15, 16) . The primary structure of the gag-pol overlap of FVs shows close similarities to pararetroviruses (see Fig. 1 ). In particular, the pol genes are located in the +1 reading frame relative to the gag genes and a potential ATG initiation codon is located in the 5' region of the pol genes (see Fig. 1 ) (17) (18) (19) (20) 
The expression of the pol gene, which encodes the reverse transcriptase, is a key event in the replication cycle of retroid elements (1) . All retroviruses investigated so far have evolved mechanisms to express their Pol proteins initially as Gag-Pol fusion proteins from which the Pol proteins are autocatalytically cleaved by the virus proteinases (1-3). As shown for murine leukemia virus, Rous sarcoma virus, and yeast retrotranposons, translational stop codon suppression, -1 ribosomal frameshifting, and +1 ribosomal frameshifting, respectively, are used to generate the Gag-Pol fusion proteins (2, (4) (5) (6) (7) . The common feature of Gag-Pol fusion proteins among retroviruses has suggested an important role in the regulation of the amount of Pol protein expressed in relation to Gag protein and for the incorporation of the Pol protein into the virus particle (2, 3) . In contrast, pararetroviruses express the reverse transcriptase independently from their Gag homologue, the core protein (8) (9) (10) (11) . The fundamental difference in Pol protein expression strategies between the two virus groups is reflected in differences in virus assembly, maturation, and reverse transcription (12) (13) (14) .
Foamy viruses (FVs) are a distinct subgroup of exogenous mammalian retroviruses. They have a complex genome structure and encode for accessory proteins, at least one of which, the Bel-1 trans-activator, has regulatory functions (15, 16) . The primary structure of the gag-pol overlap of FVs shows close similarities to pararetroviruses (see Fig. 1 ). In particular, the pol genes are located in the +1 reading frame relative to the gag genes and a potential ATG initiation codon is located in the 5' region of the pol genes (see Fig. 1 ) (17) (18) (19) (20) (19, 23, 24) . Moreover, it has been shown recently that even an HFV protease-deficient mutant gave rise to these Gag and Pol molecules, whereas in other retroviruses the Gag-Pol precursor can be readily detected with such mutants (6) . These findings indicated that the mechanism of Pol protein expression in FVs may differ from other retroviruses in that it does not involve the synthesis of a Gag-Pol precursor protein. This hypothesis prompted us to clarify the question by using a genetic approach similar to previous studies investigating the mechanism of pol expression in pararetroviruses (8) (9) (10) (11) .
MATERIALS AND METHODS
Recombinant DNA. All virus mutants were constructed in the background of the infectious HFV plasmid pHSRV2 (25) by using standard molecular cloning techniques (26) . Subclone pGP-1 was constructed by inserting a 2.28-kb Nco I fragment spanning the gag-pol overlap of pHSRV2 into a pUC19 derivative in which the multiple cloning site had been substituted by an Nco I linker. Commercially purchased, chemically synthesized oligonucleotides were used for DNA mutagenesis. Site-specific mutagenesis of pGP-1 was performed by recombinant PCR (27) *To whom reprint requests should be addressed.
appropriately diluted virus was titered on BHK/LTRlacZ indicator cells seeded in 24-well plates by a blue cell assay as described (25) . Similar results as those shown in Table 1 were obtained when, in some experiments, the /3-galactosidase activity was determined biochemically as described (30 (19, 23) . Cellular lysates were prepared, cleared with normal rabbit serum, and treated with rabbit serum directed against a recombinant HFV reverse transcriptase domain (31) . After precipitation with protein A-Sepharose (Pharmacia), the supernatant was reacted with rabbit serum directed against recombinant HFV capsid protein (31) . Precipitated and extensively washed proteins were resolved on SDS/11.5% polyacrylamide gels in a tricine buffer system (32) . Gels were soaked in Amplify (Amersham-Buchler), dried, and exposed to x-ray film. (30, 33) . Table 1 shows that virus replication was not detected with the two ATG mutants in the three different cell lines tested.
RESULTS

Analysis
When the expression of Gag and Pol proteins was analyzed by radioimmunoprecipitation after transient transfection of BHK-21 cells (Fig. 3) , the recently identified pr74 Gag precursor molecule and its p70 cleavage product were readily detected in addition to the pr127 Pol precursor and the p80 reverse transcriptase cleavage product in cultures transfected with pHSRV2 (6, 19, 23) . In contrast, both ATG mutants HFV expressed only the pr74 Gag antibody-reactive protein but no detectable Pol protein (Fig. 3) . The p70 and the p80 molecules are cleaved from the respective precursors by the virus protease that is encoded in the pol ORF (6, 19) . The ACA CAG AGT GCC ACG TCC TCC ACA GAT_SAA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA
ACA CAA AGT GCC ACG TCC TCC ACA GAT GAA TCC TCT TCA ACT ACT ACA GCC GCT CCC AGC GGA GGT CAA GGG AAC TAA 
ACA GCA ACC ACA ACT TCC TCC TCC ACG GCT AGT TCA GGT CAA AAT GGA TCC TCT ACA ACT CCT CCA GCC TCT GGA AGC AGA AAT CAA GGG GAC TAA Proc. Natl. Acad. Sci. USA 93 (1996) 4139 WT ACA CAG AGT GCC ACG TCC TCC ACA GAT AA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA ACA CAG AGT GCC ACG TCC TCC ACA GAC GAA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA   T   Q   S  A  T  S  S  T ACA CAG AGT GCC ACG TCC TCC ACA GCT GAA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA   T  Q  S  A  T  S  S  T 
ACA CAG AGT GCC ACG TCC TCC ACA GAC GAT GCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA
ACA CAG AGT GCC ACG TCC TTA ACA GAT GAA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA
ACA CAG AGT GCC ACG TAA TCC ACA GATGAA TCC TCT TCA GCT GTT ACA GCC GCT TCC GGC GGA GAT CAA AGG GAC TAA 
